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ABSTRACT 

A r a t i o n a l c  and g u i d e l i n e s  f o r  t h e  development 

of a Lunar F l y i n g  U n i t  (LFU) for l u n a r  e x p l o r a t i o n  a r e  p r e -  

s e n t e d .  Based on tile c r i t e r i a  o u t l i n e d ,  t h e  LFU can  be 

developed and man-rated over  a two y e a r  p e r i o d  f o r  a n  

approximate o v t ~ r a l ' ~  c o s t  of 10 m i l l i o n  dollars. It I s  

recommended t h a t  t h i s  shou ld  be g iven  s e r i o u s  c o n s i d e r a t i o n .  
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MEMORANDUM FOR FILE 

I PI~L’RODUCTI ON 

The  c a p a b i l i t i e s  and l i m i t a t i o n s  of v a r i o u s  forms 
of m o b i l i t y  systems for l u n a r  e x p l o r a t i o n  have been d i s c u s s e d  
and o u t l i n e d  i n  Reference  1. The o b j e c t i v e  of t h i s  memorandum 
i s  to deve lop  a r a t i o n a l e  and g u i d e l i n e s  f o r  t h e  development 
of a Lunar F l y i n g  U n i t  (LFU) . The s p e c i f i c  end o b j e c t i v e s  
a r e  r e l i a b i l i t y ,  c o s t  and development t i m e .  Wi th  these  ob- 
j e c t i v e s  i n  mind, a p r e l i m i n a r y  development p l a n  i s  o u t l i n e d  
to deve lop  and q u a l i f y  t h e  f l y i n g  system f o r  l u n a r  o p e r a t i o n s .  
It i s  recogn ized  t h a t  s e v e r a l  t r a d e - o f f  s t u d i e s  and p a r a m e t r i c  
a n a l y s e s  i n  many a r e a s  w i l l  be r e q u i r e d  to s e l e c t  a f i n a l  
sys tem c o n f i g u r a t i o n ,  hawever, t h e  o b j e c t i v e  here i s  t h e  
r 2 e c o g n i t i o n  of t h e  g u i d e l i n e s  f o r  pe r fo rming  such  s t u d i e s .  

JUSTIFICATION 

The j u s t i f i c a t i o n s  for t h e  development of t h e  LFU 
a s  a n  a t t r a c t i v e  tool for l u n a r  e x p l o r a t i o n  have been t h e  
s u b j e c t  of s e v e r a l  d e t a i l e d  s t u d i e s  o v e r  t h e  p a s t  s e v e r a l  
y e a r s  ( f o r  example, see r e f e r e n c e  2 ) .  It is  n o t  t h e  i n t e n t  
of  t h i s  memorandum to summarize t h e  r e s u l t s  of such  s t u d i e s ,  
however, some of  t h e  p e r t i n e n t  f e a t u r e s  ape  b r i e f l y  o u t l i n e d  
below.  

1. I r r e s p e c t i v e  of  t h e  type  of proposed l u n a r  e x p l o r a -  
t i o n  program, i t  i s  n e e d l e s s  to emphasize t h e  d e s i r -  
a b i l i t y  of minimum t r i p  time due to h o s t i l e  l u n a r  
envi ronment ,  l i m i t e d  s t a y  time and l i m i t a t i o n s  of 
t h e  p o r t a b l e  l i f e  suppor t  system. O f  t h e  v a r i o u s  
means of  m o b i l i t y  s y s t e m s  i n v e s t i g a t e d  to d a t e ,  
t h e  LFU c e r t a i n l y  o f f e r s  t h i s  p o t e n t i a l .  

2 .  One of t h e  most a t t r a c t i v e  f e a t u r e s  of t h e  LFU i s  
i t s  i n h e r e n t  r e s c u e  c a p a b i l i t y .  Recogniz ing  t h e  
v a r i o u s  h a z a r d s  of manned l u n a r  e x p l o r a t i o n ,  a 
r e l i a b l e  r e s c u e  c a p a b i l i t y  c e r t a i n l y  d o e s  not re- 
q u i r e  any f u r t h e r  e l a b o r a t i o n .  

3. The  LFU can  s i g n i f i c a n t l y  i n c r e a s e  man’s  c a p a b i l i t y  
to i n v e s t i g a t e  a number of  s c i e n t i f i c a l l y  i n t e r e s t i n g  
s i t e s ,  such as a c r a t e r  w a l l  or c e n t r a l  peak, which 
would be i n a c c e s s i b l e  e i t h e r  by s u r f a c e  m o b i l i t y  
a i d s  or by f o o t .  
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4.  The LFU c a n  p r o v i d e  m o b i l i t y  f o r  r a n g e s  much g r e a t z r  
t h a n  t h e  p r e s e n t l y  conceived Local  S c i e n t i f i c  Survey  
Modulc (LSSM) o r  t h e  walk ing  c a p a b i l i t y  01 t h e  az.tr-o- 
n a u t  . 

5. The LFU can  s i g n i f i c a n t l y  c o n t r i b u t e  t o  enhanced 
s a f e t y  of  t h e  a s t r o n a u t  due  to minimum r e y u i r e m e n l s  
for; t r a v e l  by f o o t ,  minimum t r i p  times invo lved  and 
r e s c u e  c a p a b i l i t y .  

Based on c u r r e n t  e s t i m a t e s ,  t h e  d r y  weight  of  t h E  
LFU w i l l  be i n  t h e  range  of 150-185 l b s .  Thus,  Lhc 
Augmcnt.ed LM and even t h e  Extended LM (Ref. 3) w i l l  
have 'che c a p a b i l i t y  to c a r r y  two LFU's a s  a par-t of' 
t h e  p a y l o a d .  Unlike t h e  LSSM, t h e  LFU doe:; no t  
depend upon t h e  d u a l  l a u n c h  c a p a b i l i t y ,  F o r  t h e  d w l  
l aunch  m i s s i o n s ,  t h e  LFU c a n  be used f o r  a v a r i e t y  of 

w i t h  t h e  r o v i n g  type  v e h i c l e s .  

Rased on t h e  d e s i g n  c r i t e r i a  o u t l - i n e d  i L - 1  t h e  text, 
t h e  LFU c a n  be  developed and man-rated o v = r  a 
y e a r  p e r i o d  f o r  c o s t s  much l e s s  t h a n  c u r r e n t l y  
e s t i m a t e d .  

6. 

t a s k s  which a r e  comn7 1 p A L i i l L  nmnnt--eTr ul y a l lu  ~ 0 . t  C G K ~ E  t i t  ~ V Z  

7. 
two 

GROUNDRULE S 

Based on t h e  s p e c i f i c  o b j e c t i v e s  o f  r e l i a b i l i L y ,  

These ground-  
cost and development t i m e ,  it i s  proposed to deve lop  a one- 
n m 1 i  LFU w i t h  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s .  
r u l  es  a r e  b a s i c a l l y  s e l f  - exp lana to ry  and t h u s  r e q u i r e  a 
mimimum o f  e l a b o r a t i o n .  

1. The LFU shou ld  have a payload  c a r r y i n g  c a p a b i l i - t y  
of 370 l b s  s o  t h a t  t h e  v e h i c l e  may b e  used foil r e s -  
c u i n g  a d i s a b l e d  a s t r o n a u t .  From a n  e x p l o r a t i o n  
s t a n d p o i n t ,  t h i s  payload c a p a b i l i t y  i:: c e r t a i n l y  
q u i t e  a t t r a c t i v e .  

2 .  FOY: s i m p l i c i t y  and h igh  r e l i a b i l i t y ,  t h e  v e h i c l e  
must u t i l i z e  LM p r o p e l l a n t s .  

3. From s a f e t y  and e f f i c i e n c y  s t a n d p o i n t s ,  t h e  v e h i c l e  

4. 

shou ld  have a p o s i t i v e  t h r e e - a x i s  c o n t r o l .  

The v e h i c l e  shou ld  have a one-way r ange  c a p a b i l i t y  
of approx ima te ly  20 km. It i s  e s t i m a t e d  t h a t  such  a 
v e h i c l e  cou ld  v i s i t  95% of a l l  f e a t u r e s  of  p o t e n t i a l  
i n t e r e s t  (Ref .  4) i n  t h e  v i c i n i t y  o f  a l a n d i n g  p o i n t .  

Tile LFU shou ld  have a p r o v i s i o n  f o r  some t y p e  of 
guidance  s o  t h a t  t h e  v e h i c l e  may be used  f o r  a 
v a r i e t y  of e x p l o r a t i o n  p r o f i l e s .  

5. 
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6. There shou ld  be a p r o v i s i o n  f o r  two-way v o i c e  
communication with t h e  a s t r o n a u t  b o t h  i n  f l i g h t  and 
a f t e r  a r r i v i n g  a t  t h e  e x p l o r a t i o n  s i t e .  

7. The  v e h i c l e  should  be based on t h e  concept  o f  s i m p l i -  
c i t y  i n  d e s i g n  and o p e r a t i o n  and should  u t i l i z e  
c u r r e n t  s t a t e - o f  - the-ar t  t echno logy .  

8. The o v e r a l l  d e s i g n  o f  t h e  v e h i c l e  should  be a t t r a c -  
t i v e  from t h e  s t a .ndpo in t  o f  c o s t  and development 
t i m e .  

9. The v e h i c l e  c o n f i g u r a t i o n  should  be o r i e n t e d  toward 
minimum z p a c e c r a f t  m o d i f i c a t i o n s .  

10.  The  v e h i c l e  must be r e u s a b l e  w i t h  s imple  r e f u e l i n g  
and r e p r e s s u r i z a t i o n  t e c h n i q u e s .  

11. The LFU e n g i n e s  should have a minimum o p e r a t i n g  
l t f e t i m e  of one hour .  

VEHICLE CONFIGURATION 

Concep tua l ly ,  t h e  v e h i c l e  may c o n s i s t  o f  a box type  
p l a t f o r m  w i t h  v a r i o u s  compartments which may be  a t t a c h e d  to 
t h e  t op  deck of t h e  main s t r u c t u r e .  Attachments  may be provided  
for; subsystem components and l a n d i n g  g e a r .  The a s t r o n a u t  s t a -  
t i o n  and payload  can be i n s t a l l e d  on the  p l a t f o r m .  [It i s  no t  
i n t e n d e d  i n  t h i s  memorandum to go i n t o  any d e t a i l e d  s t r u c t u r a l  
c o n f i g u r a t i o n .  F o r  a v a r i e t y  of c o n f i g u r a t i o n s ,  for example,  
see Reference  54 

It i s  proposed to u t i l i z e  two h o r i z o n t a l l y  mounted 
f u e l  and o x i d i z e r  tanks w i t h  p o s i t i v e  e x p u l s i o n  ( b l a d d e r  t y p e )  
w h i c h  feed to th ree  i n d i v i d u a l  e n g i n e s .  The e n g i n e s  a r e  s i m i l a r  
i n  concept  t o  t h e  Surveyor  v e r n i e r  e n g i n e s  where two e n g i n e s  
a r e  f ixed and one movable i n  a s i n g l e  p l a n e .  I n  o r d e r  to pro -  
v i d e  t h r e e  a x i s  ( p i t c h ,  roll and yaw) a t t i t u d e  c o n t r o l ,  d i f f e r -  
e n t i a l  t h r o t t l i n g  i s  to be u t i l i z e d .  V a r i a b l e  t h r u s t  c a n  
p r o v i d e  p i t c h  and yaw c o n t r o l  w h i l e  r o l l  c o n t r o l  can  be 
o b t a i n e d  by t h e  movable eng ine .  The  e n g i n e s  can  be c l u s t e r e d  
t o g e t h e r  o r  i n s t a l l e d  i n d i v i d u a l l y  depending upon t h e  merits 
of each c o n f i g u r a t i o n .  (The c l u s t e r  c o n f i g u r a t i o n  may have  t h e  
w e i g h t  advantage  and ,  p o s s i b l y ,  may p r o v i d e  s a f e  l a n d i n g  i n  
c a s e  of f a i l u r e  of one eng ine  w h i l e  i n d i v i d u a l  mounted e n g i n e s  
may p r o v i d e  b e t t e r  v e h i c l e  maneuvering c a p a b i l i t y  and b e t t e r .  
t h e r m a l  c h a r a c t e r i s t i c s  .) 

Based on t h e  g r o u n d r u l e s  of minimum c o s t  and d e v e l -  
opment time p l u s  h i g h  r e l i a b i l i t y ,  i t  seems p r o h i b i t i v e  t o  
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e n t e r  i n t o  a new eng ine  development program. The obvious  
answer i s  to u t i l i z e  a n  eng ine  which h a s  been p r e v i o u s l y  
deve loped  or is. w e l l  downstream i n  t h e  development s t a g e  
which meets  t h e  performance r e q u i r e m e n t s  and d e s i g n  c r i t e r i a  
for a n  LFU and r e q u i r e s  minimum m o d i f i c a t i o n s .  A l a ,  t h e  
e n g i n e  must have t h e  i n h e r e n t  p o t e n t i a l  f o r  a man-rated 
v e h i c l e  w i t h  minimum f o r e s e e a b l e  problems.  

Two p o t e n t i a l  eng ines  which seem t o  r e a s o n a b l y  f i t  
t h e  LFU f l i g h t  c r i t e r i a  a r e  d e s c r i b e d  below. 

A .  Surveyor  V e r n i e r  Engine 

T h i s  e n g i n e ,  developed by Reac t ion  Motors D i v i s i o n  
of Thiokol  C o r p o r a t i o n ,  u t i l i z e s  N2G4 w i t h  10% n i t r i c  a c i d  a s  
o x i d i z e r  and mono-methylhydrazine a s  t h e  f u e l .  The f u e l  and 
o x i d i z e r  i n  each  t a n k  aye con ta ined  i n  a b l a d d e r .  The i n d i -  
v i d u a l  t a n k  c a p a c i t y  i s  approx ima te ly  170 lbs. Helium s t o r e d  
unde?? p r e s s u r e  i s  used to d e f l a t e  t h e  b1adder.s. The  t a n k  
p r e s s u r e  i s  approx ima te ly  700 p s i a .  The eng ine  i s  r e g e n e r a -  
t i v e l y  cooled  w i t h  a r a d i a t i o n  coo led  n o z z l e .  Thc chamber 
p r e s s u r e  v a r i e s  from 70 p s i a  t o  250 p s i a  w i t h  a t h r u s t  v a r i a -  
t i o n  of 30 l b s  t o  104 l b s .  The s p e c i f i c  impulse v a r i a t i o n  
i s  from 260 seconds  to approx ima te ly  285 seconds .  U n o f f i c i a l  
f i r i n g  t ime on t h i s  eng ine  i s  approx ima te ly  500 seconds .  
Also, most of t h e  c r i t i c a l  pa rame te r s  and problem a r e a s  w i t h  
t h i s  eng ine  a r e  known and w e l l  u n d e r s t o o d .  

B.  TRW MIRA-150A Engine 

T h i s  e n g i n e ,  developed by TRFJ Systems,  was a backup 
engirle f o r  t h e  Surveyor  v e r n i e r  eng ine  which was dropped i n  
t h e  f i n a l  phase  due t o  funding  and c o m p a t i b i l i t y  problems.  
T h i s  eng ine ,  e s s e n t i a l l y ,  was a s c a l e d  down v e r s i o n  o f  t h e  LM 
e n g i n e  which, f o r  t h e  Surveyor  a p p l i c a t i o n ,  used a p r o p e l l a n t  
combina t ion  of mixed o x i d e s  of n i t r o g e n  and monomethylhydrazine.  
The t h r u s t  chamber- was a b l a t i v e  and had a d u t y  c y c l e  l i f e  of 
300 seconds .  The feed sys tem,  developed by Hughes A i r c r a f t ,  
o p e r a t e d  a t  700 p s i a .  The engine  had a t h r u s t  c a p a b i l i t y  of 
150 l b s  maximum to 30 l b s  minimum w i t h  a 5 t o  1 t h r o t t l i n g  
r a n g e .  The  chamber p r e s s u r e  v a r i e d  from 22 p s i a  to 110 p s i a  
w i t h  I s p  v a r i a t i o n  of 250 t o  291 seconds  (nominal  d e l i v e r e d ) .  
The n o z z l e  was r a d i a t i o n  coo led .  The p r o p e l l a n t  f low c o n t r o l  
was accomplished by d u a l  v a r i a b l e  a r e a  c a v i t a t i n g  V e n t u r i  
v a l v e s .  The program was concluded i n  l a t e  1964. 
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I n  1965, under  a s m a l l  NASA c o n t r a c t  (NAS 8-20248) 
from MSFC, TRW e x p l o r e d  t h e  p o t e n t i a l  o f  a p p l y i n g  t h e  e n g i n e  
to a two-man l u n a r  f l y i n g  u n i t .  The  program r e q u i r e d  u s e  of 
t h e  LM p r o p e l l a n t s  (N2O4/50% Hydrazine - 50% UDMH). 
b e r  l i f e  was supposed to be 3600 seconds .  
q u i t e  s u c c e s s f u l  w i t h i n  t h e  framework of t h e  f a c t  t h a t  no 
changes  were a l lowed to b e  made on t h e  i n j e c t o r ,  chamber, e t c .  
Opera t ions  at f e e d  p r e s s u r e s  of  250-300 p s i a  were i n v e s t i g a t e d .  
TRW demonst ra ted  f u l l  l i f e  a t  1 .3  m i x t u r e  r a t i o .  These t a n k  
p r e s s u r e s  are  about  t h e  same a s  t h o s e  used on t h e  Gemini o r b i t  
maneuver c o n t r o l  sys tem.  

The  cham- 
Thc, program was 

Both of these  eng ines  have a d e s i r a b l e  t h r u c t  Yange 
performance and d e s i g n  c r i t e r i a  to f u l f i l l  t h e  r e q u i r e m e n t s  
f o r  t h e  l u n a r  f l y i n g  u n i t .  There i s  a c o n s i d e r a b l e  amount 
of e x p e r i e n c e  a v a i l a b l e  w i t h  t h e s e  e n g i n e s .  The m o d i f i c a t i o n z  
r e q u i r e d  f o r  a d a p t a t i o n  to a LFU and to man-rate  the:€ e n g i n e s  
w i t h  a l o n g e r  l i f e t i m e  w i l l  c e r t a i n l y  be cheape r  and l e s s  
expens ive  t h a n  s t a r t i n g  a new eng ine  development program. 

O f  t h e  two e n g i n e s ,  t h e  TRW M I R A - 1 5 0 A  seems t o  
have a lot of  d e s i r a b l e  f e a t u r e s ,  such a s  low f e e d  p r e s s u r e ,  
c o m p a t i b i l i t y  w i t h  LM p r o p e l l a n t s ,  and c l i g h t l y  b e t t e r  p e r -  
formance.  Fu r the rmore ,  a lot of  hardware from t h e  Gemini 
o r b i t  maneuver c o n t r o l  system may be e f f e c t i v e l y  u t i l i z e d  
for;  LFU a p p l i c a t i o n .  However, t h e r e  i s  a lot of exper-ience 
a v a i l a b l e  w i t h  t h e  Surveyor  v e r n i e r  eng ine  and most of t h e  
problem a r e a s  a r e  w e l l  known. Thus,  i t  i s  f e l t  t h a t  a d e t a i l e d  
s t u d y  w i l l  be r e q u i r e d  to p i c k  one eng ine  o v e r  t h e  o t h e r  f o r  
LFU a p p l i c a t i o n .  

I n  o r d e r  to g e t  some c o s t  e s t i m a t e s  and development 
time r e q u i r e d  f o r  m o d i f i c a t i o n s ,  a d a p t a t i o n  and to man-rate  
t hese  e n g i n e s  f o r  t h e  LFU a p p l i c a t i o n ,  t h e  c u r r e n t  s t a t u s  of 
t h e s e  e n g i n e s  were e v a l u a t e d .  Based on p a s t  e x p e r i e n c e  and 
c u r r e n t  c o n t r a c t o r  c a p a b i l i t i e s ,  c o s t  e s t i m a t e s  i n  t h e  range  
of 3 to 5 m i l l i o n  d o l l a r s  seems r e a l i s t i c .  
c a t i o n  and q u a l i f i c a t i o n  program can be  c o n s e r v a t i v e l y  c a r r i s d  
ou t  o v e r  a p e r i o d  of  18 to 24  months. I f ,  however, a new 
e n g i n e  development program i s  proposed ,  c o s t  e s t i m a t e s  i n  t h e  
r a n g e  of 18 to 2 5  m i l l i o n  d o l l a r s  and development time of 
approx ima te ly  36 months can be r e a s o n a b l y  e x p e c t e d .  

The  expec ted  m o d i f i -  

MODE OF APPLICATION 

There h a s  been some concern  and d i s c u s s i o n  a s  to t h e  
mode of a p p l i c a t i o n  for t h e  LFU. While i t  i s  a p p a r e n t  t h a t  
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t h e  b a l l i s t i c  t r a j e c t o r y  would be most economical  from t h e  
p o i n t  of view of f u e l  consumption, however, i t  h a s  s eve ra l  
u n d e s i r a b l e  f e a t u r e s  such as high v e l o c i t i e s ,  h i g h  a c c e l e r a -  
t i o n s  and h igh  a l t i t u d e ,  which a r e  u n a t t r a c t i v e  fyom an  e x p l o -  
r a t i o n  and s a f e t y  s t a n d p o i n t  and, f u r t h e r m o r e ,  may r e q u i r e  
s o p h i s t i c a t e d  gu idance ,  communication and coritr.ol systems.  
Or: t h e  o t h e r  hand,  a h o r i z o n t a l  f l i g h t  h a s  t h e  d e s i r a b l e  
f e a t u r e s  of r e l a t i v e l y  low v e l o c i t i e s ,   OW a c c e l e r a t i o n s  and 
low a l t i t u d e  b u t  i s  uneconomical from t h c  s t a n d p o i n t  of' f u e l  
consumption. 
a n a l y s i s ,  a s imple  approximate c a l c u l a t i o n  i s  shown below as 
a n  example.  

W h i l e  t h i s  s t u d y  r e q u i r e s  a d e t a i l e d  computer 

B a l l i s t i c  F l i g h t  
- 

. I  
! 
h 

I 

S 

v = V s i n  a - g t  ( v e r t i c a l )  

V = V c o s  a ( h o r i z o n t a l )  

S 

V 0 

h 0 

= v o ( s i n  a ) t  - 1/2 g t  2 
V 

Sh = vo (cos a ) t  

I n i t i a l l y  and f i n a l l y  STT = 0 o r  
2 V s i n  

Vo ( s i n a ) t  - 1/2 g t  2 = o or t = 
0 

0' 

2 V s i n  a 
Vo ( s i n a ) t  - 1/2 g t  2 = o or t = 

0 
g 

2 Vo s i n  
Thus,  d i s t a n c e  S = Vo c o s  a 

2 g 
Vo s i n  2a 

c 

vo for: c1 = 45", 
4g v =  and h = 0 

T o t a l  AV = 2 F 
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For: no s t o p s  and a s s u m i n g - a  range  of  60,000 f t  and ~1 = 45", 

AV = 1,140 f t / s e c  and h ( a l t i t u d e )  = 15,000 ft 

W i t h  one s t o p  

AV = 1,616 f t / s e c  and h ( a l t i t u d e )  == 7,550 ft 

HT1T:izon t a l  F1 i g h t  

T o t a l  AV = 2 V1 + 2 V2 + g t  

s 
B S = V t  o r  t = 

Assuming a n  a s t r o n a u t  can  t rave l  a t  200 f t / s e c , f o r  a d i s t a n c e  
of 60,000 f t  w i t h  no s t o p s  

6oyooo = 1,620 f 't/sec 200 g t  = 5.4 x 

2 V2 = 400 f t / s e c  ( v e l o c i t y  to get from 0 to 200 f t / s e c )  

Assuming t h e  a s t r o n a u t  wants  to f l y  a t  100 f t  a l t i t u d e  and 
assuming a t h r u s t  t o  w e i g h t  r a t i o  of 2 ,  

r) 

h ( a l t i t u d e )  = g [ l v \  T s i n  - I] kc- or tb = 6 .1  s e e  

Thus 

2 V = 2 g tb  = 66 f t / s e c  ( t b  = burn t ime)  1 
Thus 

T o t a l  AV w i t h  no s t o p s  = 1620 + 400 + 66 = 2086 ft/sec 

T o t a l  AV w i t h  one s t o p  = 2552 f t / s e c  

T h i s  example g i v e s  some idea of AV p e n a l t y  f o r  t h e  non-optimum 
u s e  of t h e  v e h i c l e .  
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COMMUNICATION 

The communication system r e q u i r e m e n t s  may be p r o -  
v ided  i n  t h e  form of a d a t a  channel .  Some of t h e  m i s s i o n  
f u n c t i o n  r e q u i r e m e n t s  are  d e s c r i b e d  a s  f o l l o w s :  

*l. Two way v o i c e  communication w i t h  t h e  a s t r o n a u t ,  
b o t h  i n - f l i g h t  and a f t e r  a r r i v i n g  at; t h e  e x p l o r a t i o n  
s i t e  

*2. As t ronau t  b i o l o g i c a l  t e l e m e t r y  d a t a  

3. V e h i c l e  sys tems s t a t u s  

4. Telemet ry  of v e h i c l e  f l i g h t  paaameters foi-  de'cca- 
m i n a t i o n  of  v e h i c l e  performance 

Due to l i n e  o f  s i g h t  c o n s t r a i n t s  and eyuipmcnt 
c o m p a t i b i l i t y  c o n s i d e r a t i o n s ,  a r e t u r n  t o  e a r t h  r o u t i n g  majr 
be q u i t e  a t t r a c t i v e .  T h i s  can u s e  S-band equipmeni similar 
t o  t h a t  on t h e  LM. The main advantage of  t h i s  i s  t h e  d i r e c t  
c o n t a c t  w i t h  MSFN s t a t i o n s .  

The  o t h e r  p o s s i b i l i t i e s  may be  m i i l t i p l e  l u n a r  su i - -  
f a c e  VHF r e p e a t e r  s t a t i o n s  or r o u t i n g  v i a  t h e  CSM. However, 
t h e  f i rs t  one seems to have t h e  i n s t a l l a t i o n  problem and t h e  
second one h a s  t h e  drawback of n o t  p r o v i d i n g  corltirluous cove rage .  

E l e c t r i c a l  Power 

One of t h e  means of p r o v i d i n g  a n  e l e c t r i c a l  power 
s o u r c e  on t h e  LFU i s  by t h e  use of s i l v e r  z i n c  b a t t e r y  c e l l s .  
B e l l  Aerosystems made a rough estimate of power r e q u i r e m e n t s  
based  on t h e  wors t  c a s e  s o r t i e  which c o n s i s t e d  of s e v e r a l  
f l i g h t s .  T h e i r  estimate was 14 ampere-hours .  T h i s  i n c l u d e d  a 
100% r e s e r v e  s a f e t y  f a c t o r  i n c l u d i n g  15% r e s e r v e  for s i x  months 
wet charged  s t o r a g e  loss; 20% r e s e r v e  f o r  l o s s  of  e f f i c i e n c y  
f o l l o w i n g  m u l t i p l e  c y c l e s  of d i s c h a r g i n g  and  c h a r g i n g ;  25% 
r e s e r v e  f o r  t e m p e r a t u r e  e f f e c t s ;  and t h e  remain ing  40% for 
g e n e r a l  s a f e t y  f a c t o r  r e a s o n s .  

Guidance and C o n t r o l  

The  gu idance  system for t h e  LFU shou ld  b.e s i m p l e ,  
e a s y  to u s e  and e f f i c i e n t  a t  a l l  r a n g e s .  

*Requirements 1 and 2 a r e  t h e  same a s  p rov ided  by a PLSS 
u n i t ,  however, t h e  range  w i l l  have to be  ex tended .  The p r e s e n t  
r a n g e  f o r  PLSS i s  approximate ly  one mile  to t h e  LM. 
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S i n c e  t h e  f l i g h t  p a t h s ,  e s s e n t i a l l y ,  w i l l  be  i n  one 
p l a n e  and due to t h e  r e l a t i v e l y  s h o r t  r a n g e s  i n v o l v e d ,  i t  may 
be  d e s i r a b l e  t o  u t i l i z e  a s t r a p  down g y r o  sys t em employing 
r a t e  i n t e g r a t i o n .  By s t r a i g h t f o r w a r d  i n t e g r a t i o n  o f  t h e  
a c c e l e r a t i o n  o u t p u t s ,  a l t i t u d e  and a l o n g  c o u r s e  r a t e  and 
p o s i t i o n  i n f o r m a t i o n  may be o b t a i n e d .  A r a d a r  a l t i m e t e r  can 
be used f o r  a l t i t u d e  i n f o r m a t i o n .  F o r  backup purposes  a s imple  
t i m e r  may be  employed. 

It i s  c o n s e r v a t i v e l y  e s t i m a t e d  t h a t ,  i n c l u d i n g  t h e  
c o s t  o f  development o f  a l l  subsys tems and sys t em i n t e g r a t  ion ,  
t h e  LFU c o n f i g u r a t i o n  program can  b e  c a r r i e d  o u t  f o r  a n  a p p r o x i -  
mate c o s t  of 10 m i l l i o n  d o l l a r s  o v e r  a two y e a r  p e r i o d .  Thic 
f i g u r e  does  no t  i n c l u d e  the c o s t  of  t e s t  f a c i l i t i e s  and s i m u l a -  
t i o n  of l u n a r  environment  for: o v e r a l l  c o n f i g u r a t i o n  c h e c k o u t .  

C ONC LUS I ON 

A r a t i o n a l e  and g u i d e l i n e s  f o r  the development of 
a Lunar  F l y i n g  Un i t  for l u n a r  e x p l o r a t i o n  a r e  b r i e f l y  o u t l i n e d  
and d i s c u s s e d .  The program seems just i f  i a b l e  and f e a s i b l e .  
The LFU c a n  be deve loped  and man-rated over: a two y e a r  peyiod  
f o r  an o v e r a l l  approximate  cos t  o f  10 m i l l i o n  d o l l a r s .  It 
i s  recommended t h a t  this should be  g i v e n  s e r i o u s  c o n s i d e r a t i o n  

1012-RS-hjt 
e. R .  ~y Sehga l  

At tachmen t : 
Refeyences  
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